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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1 .1 14, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 
07/26/2004 has been entered. 

Response to Amendment 

Amendment under 37 CRF 1 .1 16 filed 05/20/2004 has been entered in view of 
aforementioned Request for Continued Examination. Comments on Remarks are 
included below under "Response to Arguments". 

Response to Arguments 

The substantial amendment to all of the outstanding claim language overcomes 
the previously cited art (Stephani et al). However, the specification has been objected to 
for not specifically disclosing the newly introduced "semiconductor substrate" in the text, 
while new art has been found over which the substantially amended claims, as 
discussed in the rejections under 35 USC §1 03(a) below. 

Specification 

The Specification is objected to because although a substrate is certainly 
identifiable from the Drawings, no selection or identification for the semiconductor 
substrate now introduced through new claim language finds support in the Specification, 
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which never mentions any semiconductor substrate. The claim language has been 
examined on the premise that the "n" -basis" 1 is the semiconductor substrate of the 
claims (1 and 4). The following replacement would overcome the objection to the 
Specification: the wording "n" - basis 1" should be replaced by "the n" - basis or 
semiconductor substrate 1". Appropriate correction is required. 

Claim Objections 

2. Claims 1-4 are objected to because of the following informalities: In claim 1 , line 
7, and in claim 4, line 7, the wording "semiconductor" should be replaced by 
"semiconductor". Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 1 and 3 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
F. Bauer et al (5,668,385) in view of Gerstenmaier et al (DE 3917769 A1 ) (cf. IDS, 
7/19/02). F. Bauer et al teach (cf. Figure 1b, title, abstract, and col. 4, 1. 32 - col. 6, 1. 60) 
a power semiconductor element (cf. title), comprising: 

a semiconductor substrate 1 (cf. abstract and col. 4, 1. 54) doped with doping 
atoms of a first conductivity type (n-type) (col. 4, 1. 54) (N.B.: that the doping is with 
atoms is inherent: in this regard it is noted that "ion" is a narrower term of "atom"); 
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an emitter region 6/8 (cf. col. 5, 1. 64 - col. 6, 1. 3) doped with doping atoms of a 
second conductivity type (p-type); 

said emitter region and said semiconductor substrate having mutually opposite 
conductivities (p and n are hole and electron conductivities, hence are inherently 
conductivities that are mutually opposite, electron conductivity being conductivity of 
negative-charge carriers and hole conductivity being conductivity of positive-charge 
conductivity); 

a stop zone 7 (cf. abstract and 4, 1. 59-61 ) in front of the emitter region (cf. Figure 
1c); the limitation "for preventing passage of an electric field to said emitter region at a 
reverse voltage" constitutes functional language irrelevant to the present device claim, 
drawn as it is to a device rather than a method of using a device; hence only the 
structure is relevant, and the structure in the application and the structure in the prior art 
(anode 7, p-emitter 6, n-stop zone and n-substrate 1 in the application, versus anode 5, 
p-emitter 6/8, n stop zone 7 and n-substrate 1 in the embodiment of Figure 1b in the 
prior art by F. Bauer et al) is fully analogous (Parenthetically, F. Bauer et al indeed 
teach the electric field to be reduced to yield an almost field-free zone within the stop 
zone 7, enabling faster recombination of charges, which implies faster reverse recovery 
(cf. col. 3, 1. 30-40)); 

said emitter region 6/8 and said stop zone 7 having mutually opposite 
conductivities (we already saw that the emitter region is p-type (cf. col. 5, 1. 64 - col. 6, 1. 
3), while the stop zone 7 is of n-type conductivity: see col. 4, 1. 59-60); and said stop 
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zone having atoms of a doping substance of said first conductivity type determining a 
conductivity of said stop zone (i.e., said stop zone is n-doped: see col. 4, 1. 59-60). 

F. Bauer et al do not teach the further limitation that said atoms of said doping 
substance have at least one energy level within the band gap of the semiconductor and 
at least 200 meV away from both a conduction band and a valence band of the 
semiconductor wherein a number of effective doping atoms generated in the stop zone 
changes in dependence on whether the power semiconductor element is in a blocking 
operation or in a conducting operation. 

However, it would have been obvious to include said further limitation in view of 
Gerstenmaier et al, who, in a published patent application on a thyristor (cf. title; hence 
closely related to the GTO (Gate-Turn-Off) thyristor-relevant art by F. Bauer et al; see F. 
Bauer, abstract), teach that in n-type recesses 11 (cf. col. 2, 1. 4) between p-emitter 
portions 4 (cf. col. 1, 1. 53-57) on the anode (A) side (cf. Figure 1 ) the dopant should be 
selected so as to have an ionization energy level within the band gap of the 
semiconductor and at least 300 meV away, a forteriori at least 200 meV away, from 
both a conduction band and a valence band of the semiconductor (cf. col. 2, 1. 49 - col. 
3, 1. 17), for the specifically stated purpose to reduce the temperature dependence of 
the threshold current (cf. abstract and col. 2, 1. 30 - col. 3, 1. 17) through an increase in 
the slope of the conductivity versus temperature. The strong dependence on 
temperature of the occupancy level of the conduction band (cf. col. 3, 1. 2-6) inherently 
implies the number of effective doping atoms generated in the stop zone, i.e., the 
number of atoms having contributed a charge carrier to the conduction band, to change 
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in dependence on whether the power semiconductor element is in a blocking operation 
(no ohmic heating) or in a conducting operation (ohmic heating), because in the 
conducting state the temperature is higher relative to the blocking state in view of the 
ohmic heating associated with any current flow in a resistive medium. 

Motivation to include the teaching by Gerstenmaier in this regard in the invention 
by F. Bauer et al derives from the resulting constancy, hence increased reliability, of the 
threshold voltage as well as the broadening of the temperature range towards higher 
temperatures within which the maximal blocking voltage of the thyristors can be secured 
(cf. col. 1, 1.27-37). 

Combination of the teaching by Gerstenmaier et al with the invention by F. Bauer 
is easily achieved by selecting the dopant according to the criterion by Gerstenmaier on 
ionization energy levels in relation to the semiconductor band gap (Gerstenmaier lists a 
few examples, such as Molybdenum, Germanium, Cesium, Barium, Selenium and 
Niobium; for additional possibilities see S.M. Sze, "Physics of Semiconductor Devices", 
page 21, in which a list is provided including the case specifically cited by Gerstenmaier 
et al when the semiconductor is silicon (cf. col. 3, 1. 13)). The practical implementation of 
the combination only involves selecting the dopant for the recesses between p-emitter 
regions 8 within stop layer 7 (cf. Figure 1b). Success of the implementation of said 
combination can therefore be reasonably expected. 

On claim 3: Gerstenmaier specifically teaches the selection of Se (Selenium) as 
the dopant for said recessed, i.o.w., the inclusion of Selenium atoms in said atoms (cf. 
col. 3, 1. 17). 
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5. Claim 4 is rejected under 35 U.S.C. 1 03(a) as being unpatentable over F. Bauer 
et al (5,668,385) in view of Gerstenmaier et al (DE 391 7769 A1 ). F. Bauer et al teach 
(cf. Figure 1 b, title, abstract, and col. 4, 1. 32 - col. 6, 1. 60) a power semiconductor 
element (cf. title), comprising: 

a semiconductor substrate 1 (cf. abstract and col. 4, 1. 54) doped with doping 
atoms of a first conductivity type (n-type) (col. 4, 1. 54) (N.B.: that the doping is with 
atoms is inherent: in this regard it is noted that "ion" is a narrower term of "atom"); 

an emitter region 6/8 (cf. col. 5, 1. 64 - col. 6, 1. 3) doped with doping atoms of a 
second conductivity type (p-type); 

said emitter region and said semiconductor substrate having mutually opposite 
conductivities (p and n are hole and electron conductivities, hence are inherently 
conductivities that are mutually opposite, electron conductivity being conductivity of 
negative-charge carriers and hole conductivity being conductivity of positive-charge 
conductivity); 

a stop zone 7 (cf. abstract and 4, 1. 59-61) in front of the emitter region (cf. Figure 
1c); the limitation "for preventing passage of an electric field to said emitter region at a 
reverse voltage" constitutes functional language irrelevant to the present device claim, 
drawn as it is to a device rather than a method of using a device; hence only the 
structure is relevant, the structure in the application and the structure in the prior art 
(anode 7, p-emitter 6, n-stop zone and n-substrate 1 in the application, versus anode 5, 
p-emitter 6/8, n stop zone 7 and n-substrate 1 in the embodiment of Figure 1b in the 
prior art by F. Bauer et al) being fully analogous (Parenthetically, F. Bauer et al indeed 
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teach the electric field to be reduced to yield an almost field-free zone within the stop 
zone 7, enabling faster recombination of charges, which implies faster reverse recovery 
(cf. col. 3, 1. 30-40)); 

said emitter region 6/8 and said stop zone 7 having mutually opposite 
conductivities (we already saw that the emitter region is p-type (cf. col. 5, 1. 64 - col. 6, 1. 
3), while the stop zone 7 is of n-type conductivity: see col. 4, 1. 59-60); and said stop 
zone having atoms of a doping substance of said first conductivity type determining a 
conductivity of said stop zone (i.e., said stop zone is n-doped: see col. 4, 1. 59-60). 

F. Bauer et al do not teach the further limitation that said stop zone contains 
foreign atoms (i.e., not native to the semiconductor substrate) selected from the group 
consisting of Sulfur and Selenium with at least one energy level within the band gap of 
the semiconductor and spaced at least 200 meV away from both a conduction band and 
a valence band of the semiconductor wherein a number of effective doping atoms 
generated in the stop zone changes in dependence on whether the power 
semiconductor element is in a blocking operation or in a conducting operation. 

However, it would have been obvious to include said further limitation in view of 
Gerstenmaieretal, who, in a published patent application on a thyristor (cf. title; hence 
closely related to the GTO (Gate-Turn-Off) thyristor-relevant art by F. Bauer et al; see F. 
Bauer, abstract), teach that in n-type recesses 11 (cf. col. 2, 1. 4) between p-emitter 
portions 4 (cf. col. 1, 1. 53-57) on the anode (A) side (cf. Figure 1) the dopant should be 
selected so as to have an ionization energy level within the band gap of the 
semiconductor and at least 300 meV away, a forteriori at least 200 meV away, from 
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both a conduction band and a valence band of the semiconductor (cf. col. 2, 1. 49 - col. 
3, 1. 17), for the specifically stated purpose to reduce the temperature dependence of 
the threshold current (cf. abstract and col. 2, 1. 30 - col. 3, 1. 17) through an increase in 
the slope of the conductivity versus temperature, while Gerstenmaier specifically cite 
Selenium (cf. col. 3, 1. 17). The strong dependence on temperature of the occupancy 
level of the conduction band (cf. col. 3, 1. 2-6) inherently implies the number of effective 
doping atoms generated in the stop zone, i.e., the number of atoms having contributed 
a charge carrier to the conduction band, to change in dependence on whether the 
power semiconductor element is in a blocking operation (no ohmic heating) or in a 
conducting operation (ohmic heating), because in the conducting state the temperature 
is higher relative to the blocking state in view of the ohmic heating associated with any 
current flow in a resistive medium. 

Motivation to include the teaching by Gerstenmaier in this regard in the invention 
by F. Bauer et al derives from the resulting constancy, hence increased reliability, of the 
threshold voltage as well as the broadening of the temperature range towards higher 
temperatures within which the maximal blocking voltage of the thyristors can be secured 
(cf. col. 1, 1.27-37). 

Combination of the teaching by Gerstenmaier et al with the invention by F. Bauer 
is easily achieved by selecting the dopant according to the criterion by Gerstenmaier on 
ionization energy levels in relation to the semiconductor band gap (Gerstenmaier lists a 
few examples, such as Molybdenum, Germanium, Cesium, Barium, Selenium and 
Niobium; for additional possibilities see S.M. Sze, "Physics of Semiconductor Devices", 
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page 21, previously made of record (5/15/2002) , in which a list is provided including the 
case specifically cited by Gerstenmaier et al when the semiconductor is silicon (cf. col. 
3, 1. 13)). The practical implementation of the combination only involves selecting the 
dopant for the recesses between p-emitter regions 8 within stop layer 7 (cf. Figure 1b). 
Success of the implementation of said combination can therefore be reasonably 
expected. 

6. Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over F. Bauer 
et al and Gerstenmaier et al as applied to claim 1 above, and further in view of 
Tohyama (5,684,323). As detailed above, claim 1 is unpatentable over F. Bauer et al in 
view of Gerstenmaier et al. 

Although neither F. Bauer et al nor Gerstenmaier et al specifically teach the 
further limitation that the selection of said atoms is to include sulfur (S), it would have 
been obvious to include said further limitation because sulfur (S) has long been applied 
as a dopant in silicon for its deep ionization level so as to tailor the current-voltage 
characteristics of said silicon, as witnessed by Tohyama (cf. col. 6, 1. 66 - col. 7, 1. 1 1 ) 
(note that the doping in Gerstenmaier et al also serves the same purpose: the resulting 
temperature dependence of the occupancy levels of the conduction band inherently 
leads to a desired change in the current-voltage characteristic due to ohmic heating. 
Applicant once again is reminded that sulfur (S) is known to meet the physical criterion 
stated by Gerstenmaier et al for the selection of said atoms, as evidenced by the 
scientific data on donor and acceptor ionization energies of sulfur (S) in silicon (see e.g., 
S.M. Sze, "Physics of Semiconductor Devices", Figure 13, page 21, previously made of 
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record (5/15/2002)): from said list it is evident that sulfur satisfies the aforementioned 
physical criterion. It is thus evident from Tohyama that combination of the teaching by 
Tohyama of the inclusion of sulfur as the deep ionization energy dopant only requires 
standard doping techniques and may be motivated by specific design considerations on 
the desired current-voltage characteristics, determined as the latter are by the depth of 
the energy levels. Finally, Applicant is reminded in this regard that it has been held that 
mere selection of known materials generally understood to be suitable to make a 
device, the selection of the particular material being on the basis of suitability for the 
intended use, would be entirely obvious. In re Leshin 125 USPQ 416. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Johannes P Mondt whose telephone number is 571- 
272-1919. The examiner can normally be reached on 8:00 - 18:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan J Flynn can be reached on 571-272-1915. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 


JPM 

August 10, 2004 


Patent Examiner: 
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